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SUMMARY 


The ob jective of this work was to manufacture Ly. powder 
metallurgy techniques a porous superalloy which could ve uset 
For sweat gooling amplications. 

Elemental powders with the conposition of X-A4O were 
pressea at high pressures and S5isftereu at high temperatures 
to form a basic material. Ey use of ammonium bicarbonate as 
a pore™prouucing agent the porosity was controlled uimforml). 

As a result of this investigation it was Sound that: 

(1) The optisus compacting pressure was 100,000 psi. 

(2) The optimum sintering’ temperature was 2100. 

(2) The specimens produced were soft but had high wear 

resistance. 

(4) The maxinun relative density achieved sas 725. 

(5) Controlled variatiors in porosity were achieved 

vetween 2), айд 528. 

(5) The permeawility coefficient varied linearly with 

porosity. 

(7) The use of @sabt impreguation teetmique to Tre- 

Serve metal porosity duriug machining operations was 
effective in preserving pore structure bu* the salt 


could eot ре гөвЄ 1” removed. 


1-4 


وحم 


< he ru 














2 : # = las P LS 
' ж 5 Š е و ج‎ mu 
қа соо (Oo 9 eee 92 


T == | м.” 

P 0 .! 5 -! j 

к а — == ee =- 
ж-е = . “к= mi 
Т — жанай ж (ы 

oo ow 8 а зб 18 
с яю аш wrt JO 

: w> sj 

g "X dl 

- - ж жі. е Un l 











CHAPTER I 
INTRODUCTION 

Тһе мве о? higher and higher temperatures іп пет forms 
"ídgMewer pharts has imposed toe €«osL extreme requinenents 
НЬ uw Ceci gimeering аа Сера used im their comeeructiomn. 
two approaches have ween used to this pres J The first 
entazls the producticn of better materials which will, main- 
Lalw tWeir properties and cerforsafice characteristics While 
actually neated to these higher tenperatures. The secondo 
approach envisions tue use of a coolant to reduce the tefipera-— 
Eure vo weich tne metal parte are actually subjected. 

The orthodox application of the latter approach is comMou 
engikeering; practice vut the application of sweac or trais- 
car jo coolimm”.i3 comparetivelsreceti. ыт thicetype all 
пос 2 pyorous.metal re eployoed aud a coolaumt is Corega 
tlhrouar the pores The cooling Fluid may уе either a liguiu 
ora fas alud the manner ia which it is used widl detemiine úle 
соофівє characteristics obtained. The cooliug,action consists 
ог (1) a mecharical absorption of neat from the metal wnile 
passing through the pores, (2) the formation of a cool layer 
of iNsulatiiig vapor оп the [lane side of the metal, and (3) 
thie cape of & liquid Coolant, the cooling effect achkeized 


by evaporation on vine exposed wall. 
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; The aranatic eifects о? sweat cooliug are vest expresseu 
in terms of the results achieved by investigators in this 
field. Hoffman and Gillette”, with an estimated llano corper- 
ature of 350097, report a maximum wall temperature of 197°F 


< of water as the coolant flow. hy the wee 


using .1 ce/sec-in 
Of air cooling for apas turbine Llaae Eckert añu usgart sho. 
à olade teurerature 630 © below tad o: tke gas stream. 

The metiou of yreparation of the porous :ietals consists 
o£ dadine а sas producing agent to a metad Powder, cOMproagsing 
tho Wixture umder Ai@e pressure ana the! Blilteriné to achieve 
Oma Fortiatiow® of continuous Wetal mase interlaced with inter- 
(o cC Lise pores. From a Gesign point oi view the ube of à 
porous Jetal requires close control ЮГ спе permeability in 
oruer vo assure the correct [low rate of the coolant uuder 
apecifiéo conéditioms of Sressure dron. lu practi cm the ee 
quired flow rate would ve calculabecaı from near trafisier daa 
amd tlhe Pressure urop established [rom other desiga ccasider- 
ations. Tne permeability required of tue porous metal would 
thed we calculated apd a porote Metal specified on tne basis 
o@ the aMoumt of gas rročcūůciM azalii изещ. 

Maly materials have veen facricated for tris application, 
proBabl) the Most buccessful being stainless sbeel compacts 
мМ атон й bicarbonate as the poresity iutucitg agert. sut- 
sequeut research however, has show: that porous stainless steet, 


Мет subjected to tre severe temperature cuuditions of reezet 
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Motors, exhibits a temdencif+to crack from thermal stresses. 
Ta thas investigation ar, actes nas beer made to pre- 
pare a porous Metal suitavle for transvigmeior cooling from 
а сопа овес атор г the Ligh terperatureseuperalloy өш. 
mee all: cwesen Tas Wio ayiee Stellite 31) im order to 
obtain «ахігциа mecnanical properties at elevated temperatures 
in comibination with tne corrosion ana wear resistance 1eces- 
sary to resist the flow of not combustion gases as well as 
better resistance to thermal cracking. The vse of tris alloy 
meat cooled appli€acions should permit the use оГ су 
increased flame aud gas temperatures without tue loss of 
material strength. It is couceivaole that wall temperatures 
or. the order of l€e-18009F uay be uatilized thereby perrittánug 
Zas temperatures several hundred degrees higher. Such aa 
alloy could possivly be adapted for use iu proposed nuclear 
power ®lants lor aircraft propulsion where the most extreme 


Gemperavure comditions are likely to be encounteged. 
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CHAPTER Il 
SATSP TALS 


We ponders used jur the production of Se porous вресш= 


Caum lated if” Table 


Ga 


е 
Же с were obtaiued frot various sources a 


т. 





TABLE I 
FOWDERED NETALS - 50030325 APD DESCCIPTIOU 


SUPPLIZr. MESH 2145 PURITY 





Cobalt Africa Metals Core. 800 57080 
25 ргоайнау 
Т; Ө York, ive ҮЛ 





Tumstas  Fansteel Metallurgical Corp. -325 73.7 б 
2200 Seridal: road 
ron СПҮСан о, lil. 
CREEL Metals Disirtegratiug Co. -190 5.25% 
Hlisapeth, We J. 50% -325 
(20102) ж 
Gyromun Electro fetallurzical -20 57.05 
Division reduced by 
Union Carbide and mi LLE to 
Carbon Corp. -140 


9 GE uem So. 
Yew York, Y. Y. 


ж шазогасбосгег'з designation 
ік зедесбізр the froper particle Size. for use im compressi Me 
Ae ies Goetzel? advises the use of fiue powders ad the 
finest powders commercially available were secured for this 


Werke. Tite excertion %o бїл was che chromium Sowder Which 
р £ 






was availaple ouly as a nixed fowler cassing tarough a twemty 


mesn screei. 


The chiomBum powder as received was too coarse to be 
adapted for this type of work. The first step was to pro- 
cess the»entire batch through a series of U. S. standard 
screens arranged in the following cascade of mesh sizes -- 
(С, 150, ага 270. The powders segregated approximately as 


LOS ° 


50% $70 

406 270 © 0 
Wo -14:0 48270 
1% 20 


where - indicates passing through and 
+ indicates remainirg om the screen. 

Te Зав considereu impractical to attemgt reducti 2 of 
suificient powder to permit use of -270 mesh chro:ium and 
therefore -.40 $270 powder was used throughout the investi- 
Басі омһапа #6 designabed herein as @140 mesh chroémiun. Ae 
ditional powder of -140 mesh was octaiued by grinding the 
coarser powders in two mechanically driven mortars and pestes 
made of mullite. With a grinding period of two aours a yield 
of about 20% of the desired powder size could be obtained. 
Sufficient powder to complete the investigation was obtained 
iu this manner but considering the very small quantity of 
laterial handled by these machines (approximately one teaspoon 


each two hours), it would not appear feasible to attempt an 
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iuvestigatiou Dai suustastially larger a-ounts oJ chro- 
mium powder. It had bee: planned to attempt redauctiou by use 
of a Lammer mill but tre lacz of a suitable screen precluded 
its use іп time to prepare powder for this investigation. 

1р огаег to achieve а Minimum porosity for the basic 
metal it was Zecessarn tu have а gradation in particle size. 
Tuis was ouly partly attained in that the cobalt powder Torm- 
ing nearly 207 оҒ the nix was all of one mesh size. The use, 
“hb.rever, of chromium powder of a larger nesh (-1/,0) and a 
nickel powder of Zzraded composition serves te partially com 


for thie short comme. 
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ОЮАРТМ ITT 
NIXINE C? POWDERS 
"ог Chis*investipation a staifdard ЕТЕФпге о: thes Four 
Basic elenerts of 4-40 was adopted aid used througrout the 
ШОВ ее опе. “ihe cóMbosivion E Ets wistture еіс. 


percentage was as follows: 


CCPALT STIA 
CUEROS TU! 25.0% 
„ıICKEL що. Об 
TUNGSTEN 7.958 
1,9 attenipt was Made to i..clude the 1% of iro, nor the 


ШЕ СГ carbon 18 БИе #681агд сотрова оп. It i3 lelt that 
is would have veer desiratle to i:.clude tre carboun siuce the 
kardı.ess 0” спе waterial dereirms to a great degree o. the 
formatioL 01 саго1чез. 

To tte above Mixture Was added a standard 1” or lit.ium 
Pusarate (Li #5; 92) та CAG Wore of LiMolitex to ter ай 
а Wutricant Tor the powder duritg (ле pressing operation. 

Тһе” айа21%10г от this siiall amount of internal Lubrication had 
a pefinrite salutary effect on the pregseing operation a3 COf- 
регес with atte*pt5 to Press uilutricated powder as ju&ged бу 
tie iucreased coMipressioi ratic, lack of striations or laminar 
pands ahd the сотр есе eliciuatioh of the ¿£ri..difs add crusts 


ing noises Mich Were Mariealy apparent witn unlaLricateu 


merrouuct ol Foote WE. Co., Prila, Pa. 
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pops. Tia isa oLasoñe Toro! iMierfal Lubrica,t iso coú=' 
sidered afieateclute necessity, im this Юте оГ Ligh. pressure 
ComPactiow im order oo achieve щш.1Гоем defsivy, to breserve 

the dic ane plüumnmcers and бо sure a зсооба iicisM on tne 
Sompacts. 106 50010 be noted, nowever, that ia this case 

Whe percentage chosen mar no te the optirum nor the Wini- 

NA requiremert Zor satisfactory" comgaciion uti was used 
barOughout To obvaia umiformity oí tie mix and elimination 
Beret of oue of tbe mary variables ії the probles. 

The use of lithium stearate was Predicate on the im- 
forratiou of Goetzel? on tre aso of litl-ium vapors as a 
reduciu.s ago drying agent for water vapor and oXygen origi- 
Mati та бити the copacts. This wag com@idereu ae a very 
Valuable at.d ttiportatt iunctio 15 viem of the oxides ad 
Wabver vapor Procaoly presemt wititvim the compact. The use ol 
paloiug stgarate a5 a lubricant if the very first run abe 
Бамавей appeared to produce a eintered metal of the same 
quality as those produced with the lithium salt. ko — 
titative evideuce is available to evaluate the relative value 
of these two lubricamts. 

СЕ the standard mii: referred to above, the powders 
were mixed in an Abbe юа11 Ф111 for a period of tweniy-iour 
hökrs.. For the first Tem runs oulf sufficient powder was mixen 


to Sergit pressing operatioss on a daily basis for each luti- 


viliualo furnace Meat. As the әілсегіпе senedule vecame 
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statili¿ed ana as the ground сіговішт powder became available, 
larger batches of the X-40 mix were prepared to use as stock 
for further addition of the a.u oLiur. oicarbonate in various 
percertaees. The mixing of the powier Llend eaused ao urndue 
ИР сису. 


ie 


The acd£'tiot o2 a&motiàum LIicarbckate as the sas producing 


S 
apent was accomplishcd by keeping the powuer refrigerated with 
my ice during tke міхіїж operation to prevent disfociabilon ol 
зисььісогьойесе. ТІі16 піхіғы срегасіов wes carried out mite 
the Abbe gall vill but with tne lO" diameter rullite jar mod- 
ШТтесеру спе» иегі оп ог а ctoncenric sbeel. eylirmder ,” BREA 
diameter, which held the balls and powder со be mixed while 

the arnular srace between the walls was filled with dry ice. 
A'wooder cover with suitable holes for the escare of tre carton 
dioxide cokpleted the assembly. 

Овівіпаї мо і was plarmed to mix the agimor.ium bicartomate 
with the basic 1-0 for twerty--four hours to insure adequate 
blending and pulverisation of the Uicarbonate powder. Trial 
runs de@oustrated that the amount of dry ice required was 
large, with tem pounds of the refrigeraut lasting only two 
hours. With this restriction the blending tine was limited 
Lo two nours. The resultant Wix showed no trace of ammonium 
bicarBonate ard the’ porosivy produced was reasonably uniform. 

The anmoniun bicarvonate used was sifted through a 70 


mesh screen aud was then added as a percentage of the amoutic 


LO 














€f neval powder beirg used. All expressions of bicarbonate 
болоело if this papér, However, are expressed as.a percefta,; e 
of the total weight of the mix. 

“Alter шіуіпе aid while pressings the powder mix cofitailinug 
amlorium vicarvouate was stored under nechasical reirigeratiorn 
СЕ оов wo prevent dissociation uitil the powder was actually 
im its final pressed lora. но appreciable dissociation could 
we devected under these conditions, out 16 was noticed that 

a slight amou..t of water vapo. was condensed ou the surface 

of the powder. 

ewAéAfter pressing, по further attempt was made to prevent 
“Oleseciation aut the compacts were allowed to reach root 


ббюбегабоге Writ placed d the furnace form sintering: 


Jal 





ОСАРТЬМ IV 
0 O 

упе gress iy OY ӨТесісеш; жаз ассоврізеһеш „т. а „ie 
tec teret especiali for this project. Im order tc produce 
results comvenieutly with the eyuipmeuct availatle tie size 
ӨТ спе вместе. лаб limited Со 7/1" io Пащбввев. „Таз by 
wsie a Universal Testife vachiñe in compression with a 
Шах ор Тоай ої Rn, Тоціче, а pressure of 190,000” ропа 
per square inch on the faces of che specien coul? be pros 
A В Се the Pace area wae .D"square irches. Thr arti- 
örari size imposed om the specimehu severely limited the 
әйкес Of vesting which cut ve accomplished $96 оме fürisweu 
Lroaucts Sice treir Sall vide Trecluteli the marufacture 
ОТ сейеііс этесітленз AL азу or She stardard confisurations. 
The cY¥linurical shape was cotablished as the 8171050 әнб 
Most comwonieat contiyerattot for the dio sasutacture ama 
EMO as beise the gost adaptace 50 further testing оёрог с- 
ap Y gas "UU" Cry Ое [ес ез: 

li order co achieve tite sfallest variatio.. im cogrpact 
del feit? 15 із ECE War YF to utilize а reis Tit! a double 
actif; Plufger Woverert 3o tiav coMmpress3ive motist is agplict 
co tite Poder from 0 005106 Чігессіовз. Unless THiS 988016 
ас йг is Aliet thè variation in denoi c= alerg the axle 
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will vary rauically, decreasidg as the aistance 
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rom tae compressing face 1исгеасе®. The agplication of the 


> 


principal o$ the floatiós die elimiuates the need for охо 


NoOvinudge»lunmgenre luwbhage tne dio 13 supecrtedouby springs, aud 
dence im free to моуе wheu acted upon by the wall friction of 
tme powders teing compacted. The movement of the die permits 
Telatiye Roton by the second plumeer and henee compression 
Гес tbe secoud directiom. tite i illustrated iM Pagure 1. 
iMerime chat amass of powder to be cumpressed is contaimed 
iun the die body tetweer the Zaces of the piunsers while a 
ШЫЛ д гә. compressive Гогсе is appbied on the upper olumgens 
Ша ав ас об df the рішшег mill ое ue compress the upper 
layer of the фомдес іпсо аш arcklixe bridge bearing against 
обе walls of the die cavity. This vertical force tran*5mitted 
so the die соду causes it to move dowi.ward and compress the 
Fubber spriugs. Thus, ir cffect, the lower plumger movet uf 
au equivalent distarce relative to tLe powder mass and com- 
pression is attaineo [rom ócotb-top and botton oz*the compact. 
lIm-operatiot izterparticle friction.withiu the compact Balasees 
ве газе of wompressiouneof whe-»vwo pluagers so that movement, 
and hence deusification, progresses equally frou both ends 
lu the desigu of this die Lo irformatio. mas availatle 
om the frictiomal fect to Бе expectet Wien using a Pemer 
Mix of the К-40 сощисз4 ої.» THE Figure used for зезаЕг, 
therefore, was cased on tre data of Unckel as reporter съ 


Foetzel’ fcr irom powders lubricaced with цгарс се. The 
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firures Eiver by ULngckel Жопісасе that .4 of tbe coagaction 
merce is trail atot co tte Git wall Yor a 100 g. iro: compact 
ana that sigure наз исег in this wor*. 156 shoult te noted 
that the bercemtage of the load ctraiislated™to the die wall is 
a function of tke lateral suríace of tbe die cavity exoosed 

Со #ве Powder or Tores Wp; a тебі оп =ог сне пешяно ої спе 
тү сг lil. The springs Гог tmis ule were webigmed for a 
ШЕТ о:., ZE 90,00 or 46,298 pounds, ®utethe strings user 
were ог а "gofser" rubber thah is indicase. It is eviñenu 
биасб 1. tHe rubber is over-cocpiessed the 'orce is immediately 
translated to the lower plunger and thereby бо the under side 
of tie Powder cofpacc, tus relieving tre overconpression 

о. the бігілеб. Thre oriszilal calculatiors неге пажње fer ad 
ессісабей совтгезсіоп ratio cf 3 апі а filisned comuact Reisht 
SL .775" тои госитгей а combression of the rubber еі пб 
equal to 1/2 the differeiice between the heizht of the powder 
Boil and the height of the pressen compact, equal im thas 

Case Ub .775". Fe araj thiefidess, and hardness of the ruber 
әнгіпее гескігЕИ mae calgulated of the 245125 of the com@Sined 
data от ната З aut Valance ама дешісіе:2, аға ап ассогдашсе 
wit® (ге Тої1їб6мі. їх formula: 


й ah (Ess ><) 
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THe Wardässs. re 


defloration piin 

зоадед агсеа, ka u, 

mo@ulus, of elastici ARSi 

Хоги Гасбог соггебропаїня +o tse 
ratio of the loaded circular areas 


ar the tal surface ¿mea 


нойл 1485 of elasticity of 55mdurometes 
Ғцейег, psi 


615860 ой Oe a | iu. cube Or = 
САТЕ yer GAD Sar... La. 


1 


ulred со meet the above specifiell che 


215155 Was ducometer пи Бог £5 Ent the actual springs used 


were Lavricated of chree one-inch layers of a somewhat зо бег 


m per waich was 


Meebo of the с 


availaLle for use. Coucurrernt the maximum 


ошвасс was геспсеі to .5 acu aht the bengin 


| of the lower pluuger (C) was iscreased cy .45". 
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Tue d. е 


га Е <= г 
а e mula 1208 


pressure. 


omen, ka 15 


tere 


chuki. der was„cesigpael 0. tie Баздв of њай 


Ét 


һ2 


орісстаї| суїіпдегз subjected to Ligh iuterral 
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Са 


Li 165 обі сомуєс:івль Form Гог tie agrlicabio!l: the 


S+P 
5-Р 


outer radtus of cfrlihtuier in inches 


caxicur allowaole fiber Stress per 
square: inch (hmlten аз 40,000 psi) 


inner radius Uf cyliuder li liches 


pressure ші їіп the cylimder iu pouAds 
per BUuare inch. 
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THe maxima allowable fiber stress was valer ay 40,600 
Di, “he ¡Huesa cales far alceacy veea Pixed as 7/13 ama ale 
maximum pressure at which the co.mpacts were to te pressed was 
190,000 psi. As pointed out E Goetzel?, however, the later- 
al pressure exerted om the walls of the die is not taie same as 
wee pressure on tae faces of the PluMsers when compacting Metal 
powders, since these powders do not act as a nydrostatic meli- 
Ши. Tite value of P, therefore, was calculated by muloiply me 
tae value of the compacting pressure Sy Poiseot's ratio, giving 
im thiiseease a wall ¡pressure of 30,300 ps. The value of 
Ethan calculated i 1.75! (08 3.50") and the diameter Mas 
arbitrarily icreased to 4.90" in order vo acnieve greater 
Stabtility of the cie ойу айа to give a scombwLat greater factor 
of safety. 

The clearances veoween pluugers aru die were based tof 
oc imwUOrvaht colisideravion tnat am exit Must be pruvided 
De ay éuttapped air during the compression stroke which 
Would otherwise cause latduatious in tae compact. If, Now- 
ever, “tiie офеагамее 161500 large the Microscopic particles of 
the powder will find tueir way between tne Loving surfaces 
amd cause galkimg, scratching» and even meld thenselves uo 
thes mie warts. Tre clearance chosen, therefore, was базеж 
Өт the eurizeering "snug Tit" a.d approxinates .UL05" Lased 
om the dieter of cHe plulger. (бее figure 1 Гог actual 


salerauces). Since in this case compression was to ve slow 
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Bydraulic pressing it was felt that the damper from eutragpeu 
alr was „inirized. | 

Тие die cavity in which the compacts were pressed was 
designed with a ct draft or taper as an aid in ejecting Це 
Dresses compacts. This, taper was protuced ia, the, finibhed 
cukracis but was of no ifportance. 
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Goßtzel/’ recoil ead а паг'"Т.есеа ої 
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Rockwell € 45 for 
Це Lody and Rocgwell C O гог „пе pluimwers Гог ехрегітелоаі 
Bies of this type out in this case the sardmess for both die 
aud plungers was speciriec as 050 due to the extreme hardness 
BRE S*rasive Mature of the powlers. 

The die and plumgers as descrited awvove wiitere fatiicatea 
Be@er coitrate at the Luiteld States Naval Ghifvard, Ban 
Brancisco, Calif. The averial used was & ward cungscen cool 


Steel. 
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un receipt uf the dies and plungers mort Wa& cofirelicel 
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{rot pomèr in order to Measure the actual dompPpress en 


i2 3 > ал аз ў 113 р x 27) г - гэ г 1. Sage 
Si te ruvber sprints asd tne effectiveness of tHe floating 


С: 


BS prificiple out imel atove. TWo sjcecimems (2р Era fill) 
Here, pressed satisractorilg at 00,000 psi Jut after Wie third 
Bressits Sreacv difficulties was experienced і: еієсіїіпж ube cogs 
Pact. lt was feito that the upper fluuger was Ciblcly jal: ed 
ay the tie tou}. attempts tc withuraw tne plumber ст реа "mg 
On cMe $5ttüh. lace were ursuccesbF'ul. А total moverent of 
3/1," mas achieveu vefore these efforts were discontinued si.ice 
a force of !A,DUC pounds prouucea uo furtiier moveseat. Tre 
Projectius cart of tne upper plumger was ther. sawed orf and 
ребаїтей for furtner use while the SlLunger remainius im the 
die was drilled, vored апа ground ous lA careful sequence. 

The die walls hau Leer scored ata galled oy tris casualty out 
М Garetul £rinGlad tlee пре was restored to usefulness. Fart 
от the cavity IT. the tagerem Section remaired undafiaged ana 
subsequent pressing cperations теге соліїпеа to this undamaseü 
area. AS a result of iib дагасе the Кеген ог бле finissien 


сйтвасвс was limitea 10.2" and after extensive oferatibu = 


Ly 





тре causes Ji this uamage were; 

(1) rallure tb ЖЕцогісабе tre Que нае» ог бах puwueie 

(2) kairure t9 clean tué gie walis or' poWaoer berore 

мег саше баен шорех Lineer. 

(2) Phe use of iru powder ОСТ tue 204281 Bie Бо WI 

Әне Эашізагісу о. бис two if€tais цао а sreater 
сеппепсу to promote colu Welding. 

li order tO reduce tne Lateral suriace exduseud бо thie 
пее асъіоп 51. спе Powder, three Séctions Were cut Tron 
tue upper Plunger, eacı J/a im length, ніби оће ¡aces grount 
au rignt angileo uo The аха. Une of these бершепо5 was useu 
ао а иий шу COfpesolut: poten LutOUzliuUL оне Jure e JOrn. 
Alt auditional plunuger, солсінегаоіу uñuersi2eu, weas Tabrı- 
Basen [rom 11131240 Steet tu crabi ie арр еш Lorca, po tue 
Ларш), pistón. Yhis menoer Lroveàd oati3factory &t 7, 069 
НЭ? 107 Tir ve presse u Мо №0: présturés of So au 
100,720 psi auotner plunger Was Tabricateu o1 tigu Speed tooi 
Stee... TLS ріцакег was preiueateu гог Owe hour au SUG 
ана беп алелсіема тгош Wk LYF Li OLL. А опе пош temper lug 
5 11977 "ma"uucdü a lll haruuess orf ROUTWel: о7/. ¿E 
Several parts are Suvwn Ulsasbcunleu in Figure zc. 

Чо prevent a recurrence os tne casualty ueocriveu, tue 
TOLI ie ргосециге ма» carerurly Lussoweu іп ьцозечиейб 
Press ile operations ° 

(1) ALL parts werd kapt Scrupusbus.y crean. After 

басп prfosbiag tue parts were Wipeu ciean with а 


Согог: 








(2) Hoth pluagers were carefully lubricated be nand 
using a nigh gerade pressure grease (Lubriplate- 
vall bearing grade). 

(3) Ап їабетцай lubricant was included. 148 ded powder 
mix as discussed under Mixine o: Powder. 

(uh Thg "We cavity was filled by meas off a contrals 
positioned «lass funnel as sow. in Figure 3. 
This prevehted the deposition of large amounts 


of «powder on the die Wells. 


rn 
Ха 
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After filling the die cavity tre powder was levellew 
and the walls were wiped clean with a cotton swao 
and inepecten пегоге пе NY plunger wau dngerianlk 

(2) The aie parts were demagnetized. 

Tne above procedure while lavorious wa3 colsidered to be 
Soeemtial со iures operations tk tne die. Бу following 
Mis procedure a total of MNinevp-ftur prestinmgs were made anu 
Ht is estinated tuat witn careful use the die would produce 
Vive Cies fat nunber. 

The vine corsu#ed in these oreratiors was procably qais- 
Erosortionate to the results ateLieved, since the first specl- 
(lewis required am averape of tlLirty Mismtes each. 4100 1:1- 
creasing experierce tuis was reduced to less tran fiiteen 
mihutes per pressing. 

The pressing procedure was to increase the load at a 


rate of 100U pounds per secona to the desiguated Load waich 
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was nela for Five seconds. The 416 азвБӨ "17-15 Shown ам ег 
comression in Figure 4. Tue load was then reauced av an 
approxinate rate of 2000 founcs рег secoue After unloading, 


^ 


ze lower plunger vas revoved aia the load Was agai apclieu 
Бр обес tbe pressekecospact. ihe Zorce required Por ejection 
varieu beiweer, ДА) апа O00 pcu.ds out was oc3aerVeu to oe 
анмесало "ог ану tybe of coSpac&. 

10 was founda mecessary to catch une e-ecte% specimen 
Ou a Shall wad of cottor Бо preveht efe formation of vracks 
Which maue the specimen wortnless. 

The сотрасьс produced at pressures if tne range 50 = 
ТОО, 200 psi wai exceilent green surength and were character 
lusu byea Әгішіс shiny finish with shaxp edges. Under normal 
naulling йезе sharp edges were rreserved tireuzs.out the 
bori operat iol... We zreeu compáct. iswillustrited 18 
ure 5. The particular specir.en illustrateu nad acer buus 
Men Eb пати НЕ whic самзео Це Porn edges. The preseures 
24220 Nd 100,02C€ psi produced compactus with a jirmern, sülaoser 


| магад ее. 
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аг more 201104 а 
Tue eco&fpression ratios achieved with this poler are 


Ново later a Tale Ll. 


ТАЕ LI 
"omractiaw Pressure (psi) Lor presse 848010 
50,300 15545975 
ol UOC Lr 
1001,00 1.785 
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ЭПИКА 8.00 АТМОВ Mino AMD PLEKIFICATICA ETS TA 
Helium ас" сповен ав the atmosphere 0 during за. езіне 
Dies) Tecause ob 4ts 1:9"b табаге. +» Seweral inecities us Where 
Wolii escaped iato the operatiug ¿urnaces during the cours 
or ile шруевошщасасо сода жвей пие 2ounLdkess oil-tuioselection. 
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Mo as. a гези! оз, Tom U 


ре 
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Y other limestagators the ume об 


a cs 


Шини о 11250684. О? hyuregen Las Eeen degorstrate to luerease 


ке 
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Бре tetsile 8Lrength of poric» retallurBysprotucts оу аз ТІСІ. 
as twenty per cent. 

Mea vurivuy of tHe atmesplere ie essential for tie achieve- 
тет ог proper siwteriw %: оле alloy am. abl races of eaygen 
226 water varor here ге юуга. 

Тие Starsidaa polrt-ví robe Nelium ts&inewec stemdard . 
Mana Grade A keliur. This gas is af. roximavely 100% gure amd 


Ши әбіікеік Ггеес о. сі! vapor. йаногфег ур Remove alijo Me 
puesties Ue zas purilicasion. traiw as showa са Figure о має 
unes те? 0; riss сопойосеф ої а tute furnace шө1г2ба1:04 ас 
VONO cóftainia copper vurmiaptb. tirough mica tite sas час 
Башай ду ес со ав Зоро омен. Тливо та followed ty tan 
б/і towers, coftaibihg робаззіш. hydroxide and calcium 
¿filoride respectively, and а mecuakical, filtering tower cou- 


байл ла loose cotton to retai: amy solid particles carrie. 


over from the го preceding chemical towers. 
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The gas wos vieja passa throug а rapor trap ¿ousiotings 
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o a coil of Шазе вата subeerged an leg d tror 
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б. 
> 
pa 


114014 45 год82 used in this work was furnished through the 
Courses of cse Micnowave. laboratory, Staufora Ü.iversitk. 
fhe sas system was operated at af inlet pressure of 
51 Ghee arainst a back &rewsure, cf avout 1/2 inch of 
Water at a slow rate sufficient to maintain a steady stream 
ӨТ tuobles iff tne water to which the fas was discharged. Сп 
comMiencing a run a tigher flow rate was Maintained for about 
one hour in order to clear the system of impurities aud as 
GE aed Ln chearing the furnace tube or-smoke asd gacesegener- 
Med iu the compactus. Some srouble was experiegeed,wiin 
abia ої the exháUst tube with a Jellbw sreasy substaitce 
etfecially durinz those runs with high ammonium bicarocaate 
бәйсепс. This problems arese principally because of the mall 
ler diameter (1/15") of the glass tubawg used but was quibele 
ER bhercone-b, passing Û wire trr the tubing со clear ue 
stoppage aud restore flow. 

It was поред that aw exvurerely Rigi. flow rates the цели! 
Beling оше Migudderitregen coolinsg-coil weuld freeze the 
rubber ose fer distances up 52 three feet or іо the gola 
Where tue gas actually entered tre furnace. This phehorveton 
aecuruedjeo:.ly vig@er unusual qaditiogs’ of sigh flow rates a20 
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CERPTER VII 
TEMRPUR EROS ED SIUTEWWE OPBRATLOMS 

Me Terrace BER in thf invrestifasion mas a Burrell 
high Темрегабите THe Тагпасе (*odel СГРІ-9) ard ib illis- 
Ез зей In ғаригес 7, Ұб and Y. Ті із ТогтТтасе 9регаїей зтосіф- 
шу trrowchout ®Ие course 07 tlie exberimentation except Гог 
ome tube trourie discussed” tela. Co.trol of Turliace terrer- 
асте мас асі1етеа Uy Pears of a Theelco wall wovnted con- 
roller орегабіно rrom a Platirur-Platirus 13% "hodiug here 
couple which was encase! ir a 5/81 sillinanite frotectins 
wabe imgerteh axially it: tne furnace tute. The origiral 
балво сех саре маза 1 7/6" 0.0. typé 304 stainless steel 
welter tube. 

нирупою ов аспієте frroper Gi fér ME SL the ELO mii TE 
Was estirated that the sintering temperature should ve in the 
rarce 2000-2/400%. Pum were commeticed at a Noriral 22IC9F 
тес. the intention of ewtablishing “an optimum. ter perature. 
te: Iwas appare™tly sutcessful aud Rukh 2 waS cofductedc at 
the same temferature, but а chromium powaer of -270 mes was 
Substituted for the -1,0 Mesh used if Rum 1. These specif®fehs 
all sHoved a Ghiform eparsioh rather спам the exmected соп- 
tractilof inkerert TI. tre sie реботем 9 Береног 5) time 
temperavure маз 1исгеазед to 2400%F ard ou this run дгеат 


21221с016= vab eMcourtered in Maintaining satisfactory helius. 
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` 
flow through the furnace. After the furnace had cooled it 


was discovered that the stainless steel tube had been com- 
pletely ourned through ard separated intc two parts. 

ln order to contihue the work a sillinanite suke with 
а 1! їйпег dianeter was substitutea and this type of tube 
Was used trroughout the cenralu er of the livestigatiol. 

Tele tube required the sealim& of the 5/81 thermocouple 
provecting with refractory ceheut Weich preventea routine 
Hisasse.ıuly. 

After Run 4 the згесітетт кеге Pound оо ve completely 
Melted and voth furnace and therrocouile tubes were frac= 
wed iL attentis disassenbly. The furrmace tube was re- 

ГИ седі abd tiie therWocouple tube reraired using ar unden 

suse closed ywartz tube ard refractory cement. The vemper= 
ature cantrol “syutem was then calivrated ard the coutroller 
Mis 1024 со ре 20707 іп еггог. Stibsequent furface Operatirous 
Bere coftrollea GY potentioneter reatings using tne cou- 
troller onlj to Yai.tail measured temperature. Temperatures 
Kor subsceqwert rufs Varied 23105 tue to the action о: “йе 
comurolier. 

Om tWe “asi 62 HENE tp measuremelts (7.v.) a BE ıer ITE 
femPératóre of 2100°F was selected and used for all runs sube 
сейцецъ”со Зай 58, Toib wes dese im order to obtain cradations 
1Й Того8іс) iu te time available. 

The operating procedure for tie furnace consisted of 
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starting at the lowest pessivle voltage ard arnperage rating 
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meme `. cia Мще Ms: valves Blam бибоббеабті;. 11 tie 
"Geaberature rage aueve 100%" temperature increase pas lis- 
1бей to 41 ауегафе rape of 5% рег mihlite ій order to [теге 
thermal cracking. По abhorialities were ocseryed ih the sfec- 
ійеЯ3 місь сосій We traced to excesbive teatime rates ticott 


Бим не сТопец 1 “he secuión of volumetric chases. 

Sixnteriug vermerature маз тал.саітес on all ruts for Tour 
hours. This was aw arbLitware figure апа if view of tme resulus 
ашшафтен 15 сополдцеге4й to пауз Беей соо short by a substaltial 


Mout ` 

ОМ со естот о: he Бірбегізік цегтоа., tig" Ete citen uere 
ИЛЕ с05129 tc com Temgeraturo.,. Bue to the ball size 
НЕ ге forrace tiw cobling rave wae avewt 10°F wer @i ate. 
TETAS сәсізеж сөс nelium low was Faintaiced fer l5 Minutes 
мовного) che temperature reacifeu 10009086. Тө Sellup Vle wa? 


ter IF Seni Tao ан vite {low ogc) cightles clpsed G, Jai- 


Маап tke a vw оге чисто sicsequeñit «pol... 
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СУКРТЇС ҮТТТ 


ҮОБОҮ221Ү. ТҮС. СНАМ СО. 107250 СІЗТІГІІС 
руме z^, om tre Базіз о С11ао-жйесег ехратотзн-сиысгасоліт: 
(7885, Shows the interrelation Letwee: Shrinkage ан sintering 
Жон td 20881157 We per temBerature for sintergm. In 





71141 volufetrie shri ase Las Leer recorion 
fee all runs ane TS спот if Wipure 15 95 a (rctitu 97 Awwo- 
МЕИ Етсагоораче content. Far s;eCiee. E contai ih5 а боге єго 
ducine azent tlie шеазиге о? зМгі:Жаге Anes 206 46205046 tle EF 


Peeviveress of sirteris§ aS it does with. che primary metal. 


Ше ete Gre presedtcd Here aS Leip To! Wrtérsst with respect 







to the voluMetric cliat§eS to be expected “Pel producing a porsus 
Metal. 

formation UT Fisvre 13 ЗМ ОША Str: Аре ПєсТоабез 
en Afcreasine cof acti nitro юною облег "Uctors5 rt- 


ETIN ст що. TRIS TS to Ve exPected, rdr accorMióB to 


054661” "fpe Eifher $e initial density, the әк І1сг 18 the 






NEUE oS Mensificasion Curing ue ci.teorinr CreduWliti.t, af che 
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Smaller also are Vth tHe rate Of вАгт. лаве ar tho acteal 


Шітіпсасе!". Tre Nicher 8бгілкачхес орзегуей ай creaver ammonia 


р? 


Бісаготтасе perceftages are Xue to tbe dissbciation el toi 


02 


MONT and the martial rilling o7 the resultamt voids. 
After simtering each ¿ruup it wad twins (at tne з0ес1:е!-5 


Тә (оге to each otber. The degree of adtesio: varied tut 


greatest where the specimeus Mat Lee: Чопли kogetlier 5 





21 





















mire vefore place in the Surmace tuhe. Сбебататіст „Е tre 
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шлес ей was acooMpliáheo су obow3 with a glastie mallet. 

° 2 

This serves to corrovorate the evicence of Бие? trat Phl- 
ШАТО ромщег alloy skow a rapig expameion durifge зійбогіяр. 


Ш data eM the thermal ехра зїйг characteristics of tie IN 


расовые compacts were available other tiha oie ERO! cue 


Benetton coefficient reported Ey Sweeney 10 For the cast metal. 


ИЕ sewerage value for the range 72 - 1000027 16 2.70 X 10% 
Hm/in93* Wkichü «culd giwe as overall exmaMoior fec a sPecien 
QA" 0:10Ёф оба. 758. The expausiofr Okgerved hero i5 telieved 
NubNaye.Leez ruch larger. 1% is regrettec that up filato- 
*eter ezpaasion qata are availatle fir presentation. 

. Іс was Moted tral ail ргізагу зресіпего showed ar ex- 
Passion after si.tering along the longitudinal alís and а сой- 
 ШАағпоп ос Опет ает от тб tratcherve aris nf'mtessins. Tis 


ва) @treeces Wich are 


Ex 


E iltberpreted as a teleage of iste 
овібеюбеюб With roBeect te the .o&gituCiu&il axis as a sSestlt 
of tiie swesbing operation. The average results are taunlased 
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TALA TII 


LIGAR DIXENSIOFAL CHANGES DURING ISTI TARI. C 


Содмасоіпа Lomgitudisg.l ‘гаш ео 
Pressure таша э ГО, COmt reaction 
Lu iy - а Ч, 
00,009 . 2h 1:55 
20,400 Знай) Зе.) 
oo 3 COO 1 ° Фра 4 е Š 3 





For бие compa. as pressed at 50,000 рзї three specimens 
mere estroysd by 4he expansion of the gases within the ccc- 
E te Тіс £aMlures Sock the Sou СГ complete. traoswerse 
leavase of the sjecimejs. Ue failure occurred 410! a 
arbonate content of 7.6 (Run. №. B) and che other tw IO 
ісасропабе content of 15.99 (Run io. lO). The jhercmenon 
Mot ouserved o. ans other rue and a contributiag cause is 


П 


Melw@eved to Lave tee? bier early Loatiag rates. 
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CHAS TE" IX 


WETALLOSRAFEEC ¿XAMIBATICM OF SPECIMENS 


the wtrecture of “йе primary specimens OF O is typical 













gf Metals prerared by powder metallurgy techni@mes. This metal 
mows a Ligh puresity whicW is a characteristic iumerert iu the 
Иба OP preparation ata comstivtutes a basic difPeréfice’cb= 
зей metals rrerared frog s.etal powlers amd those ottained 

my Fusion methods. Тһе camsewf this so calleth prinar® wores= 
із де 11 large art to incomplete comnactiou. 

Microscopi: examination of tre metals shows tat it cof- 

е сТа cobalt mith Matrix cellai.ing a wetwors 02 opp less 
БӘТТІЛІМӘЕЗ ага а рвасе of partial” allufed chroin. "ifure 10 
illustrates the збгосолге аһб бе дергее 5f alloyitg c? the 

GE Omi UN рате с1ез а5 че! а: се" тати Sroewth Which сас базе. 
Plate during заета нЕ. 

Тр ятіслокгаюбю was Prepares Ly Liskt etenine mtu a 2% 
ШІгӘШІс acid 56141101: folicwel immeGiately of etcnimg бог 
бете Seconds iff alraline Polawtiuf permanganate as outlined 


y. Clari”, 
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UBNSITY AND Роневт Г PEASURIAENTS 









ге GETS TOY ої а"роміог wetallUrg* Product Tmiistitutes 
Коинотро пант зе е "—protertr as a METE ов tire le ffec- 
u SE or tre preseL.f añd Gil.terilz operavión. The afrarent 


Ме |; or sgeciric ¿ravity of Slese sveciwens wam calculated 
Ш/кезат ald volume meablirements. Un ske basis ol ТМ Here 
sities ОЧватпе ах various temperatures as sliom. du Table IV 
а intern, oOligerature оГ 21005 маз Lelected Tor all sub- 
Beet puse. The Yaluss refßresefitell ate al average се Ше 
Шрарцгетс. 65 Ter rcur 2 есіһесе: 
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TABLE ТУ 


DENS UFE (W SPAL ISENE РАМЭбҮ АТ 00,100 TET 


Sintering Tefperature Apparel Specific Gravito 
ЕЕ: / СС 











200096 SB 


21769Ғ svat 
22007" еі 


The rampe of denmvities obtained 297 Sinterink at 2100P 
15 siowr it tavle V ilere tlie perceltapes exfreb3ed are tasel 
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LOMPAc—tııug Appareiu орбо уе вос. пе лат © 
ВЕ е MS. Бела у усо) ШЕ, 
uU ,UUU Ф. се ("| 
( ` a - г, ғ 
Ом (225,9 ПЕЕ 
100,909 U. 2) (ӨТІ 


ГОТ the Sake ol cumpPari301 “Wie SDeciiiC gravity oT Swain 
МИ uueeT compactos produced Ly Duwez” Woula show velatlve 
Misitios IE tie галье'біє805 Гог Се same coampactiug press 


" ryeporUus vuav luis alloy tay been 
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sures. Llzewise doctae 
рансегей іт vacum Tu a quality coftpailng Jita hal ol бие 
DR ali, 

Un bue oasis ui опе Measur€u аррагец | чепәішісо vhe 
m icy oT tue si&tereu Specinfens ts ca.culateu оу біс 


"bula: 





a 
' 
1 === 
A 
where i = ро У Ben udit ) 
а = Specific gravity of mlar (m/c) 
Ча - Appa tio вред ттс gia VL Uy Мусс) 


пе геза и» va бас 00 y сечел пае оро ave puulieu 
mu Wee lb Жиз! Caen Fein saca 15 BA avelame 67 av „саж 
стаг әресішешо. ТАЕ eras P st. LO ОЮ ©ЄЖ Dorosrivy anu the 
amount ol porc prouucikg ageno 15 Shotm бо o9 eb5euvlally 


linear. ie is &opareuu obav ul&uer COnpaàcolug piesSourc 








тез surely aS бие eflfecuiveness:0f£ the additive 1. 
Чисгеаз тю porosity. The гат ғе of Borssity produce... was 
ШБезмесі. 2% аға 526. Frrotericrograrks oí various porosities 


eres shove iw Figure 11. 
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ОТА ТАЕ 27 
HANDESSS ¡PASUNEBLETS 
Selectes shetilens with their faces rel Flac ard 
Larallel сеге tested for Larlless Ly a ‚ri.ell ilaraiess 


Wester using a 500 kG Toad. The Богі смагасъег о? 65 





Sentered Material was revealed i. tie ilpression$ loft Es 
b. * ” 4 2 > т. 
tke iCenter With a wall amrular area of crusheu al Fie ied 


ral rrou dirr the HetrisPherical indentatitu. Pedas- 





urements were aker of. the i.ner or Primary ludentalim. añu 
are reported п Табе Y: 
«к» 


ТА! LS УТ 


ПЕ ЛЕГ. HARDNESS TE 8-40 EPLCIVEAS STRTERED AT 2100 





Sobpacting Plhessure "mel маг, бъ е 
psi me 1uwoer (59b r$ loa 
ч 49,090 28 
ІС 3 АЖ, т 
ч NADO 7” 


MUS eier lI ота десс ib altriltuted Wi (1) the 
ШАШ Tase ОГ the gaverial Mic, gersltises rekätivelg 
Mara parSicles to wove Tito 6lc volás amd theret? a loper 
Genmetratibe Uy the indenter aud (2) the Low cêr lot. cbutelro 
and shör: Binterine tige Aic ruevented bre forfation of 
sufficient cartides to Güevelop noríal цагапезз. 

Tre normal Wardmess cf Kö in the сабо совійісіоії. 15 


* . . 1 1 * J 2 
обет 1 AU, atid tHe allus is subeeptivle со аже hardening’ 
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° EMAFTER XII 


DAVE PADEC ОУ РОСКОМОН яо 
Im osdb- со Jace vis surlaces of tue bintero awecivei.; 
бре procedure erepesed uy dueelert' was used to impregi.ate 


Mies fores wit wolteiegouium ciloriae. TLe specimens шеге 





Шт во 31. molien salt at lSUD"Vr tor twenty жіписез ала 


mar allowed to cool “еГоте sridi the aces. This pre-e 
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Шақылае das ecftective um жаі баігісш che gore scuiucture ux: Tug 
ЕНЕ miti; operacion. аз jutge ty ov5oervation uuüaer the 
ШМИЕвгеозсокіс Micro$oeope. IM oler t» use the леса] гог а 


ис: сосіїга аврі:сачіоп ії 15 гесезсағу tb rezove tae ¿alt 
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tO restore time original permeaLilsty of the structure. At- 


DENECUS to achieve (кіз 07 woilimg,.itswacer were unsuccessTul. 





Ше speciaess were 21160 tur a totaled 1120 "ours дісі 
қ EIN 


емисіпео large awount6 ОТ crystailice Galt. 20 аббёюрс was 





il cbafmwes of tiie waver and at the emt of that tine were 





Tage um measure, che quaotitative effect on 206 permeabilic, 
alos io was observew that flow rate was cousigeravle 
ome om toat ой u..tiedwed aueciMems.. Tuis same ILefllectiveness 


аю the leaching oferatit. t6 remove the ei. chlorite is 


» - а ЗЬ p ‘ Жы - з T ک“‎ 
mentionei UF Тутагісб ара баггіят о gr 12118/581 0064 са 1с 
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әсі! (аз recom™mefaet b: Weeeler) alia reported "very encourag- 
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FEIUCIA 1 LITI- UEASUR 9S: ESTS 


im tbe ‘TC OL à Boreus aterial Гог a Sweat со91128 а(т11- 


I 
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рабо. the дезібпіпг еркігесг uses vie ¡¿ermealility сфое 1 - 


5 as 


U 


Вів: to ге! аре tile rate 07 сосіаПФ flow ahd the nerusity оі 
the ketar. In the typical desigu probles the engineer will 
have availatle tne requires coolait Clow Frau heat trag3'er 
Бо еол (Те desire! pressure’ arop from etier фев ро. SER 
Бога епо. Ру tube 05 бе Permeatiility coefficient Ule Ae- 
Sigier cal’ them wesermise toc rotire Wcresity ава, Белге, 
SPec iry tLe Laterial to te ubel ol the vasis c? the Mount 
oF pore prodtución agent which"is со Le added 260 the in. 

Тһе rerWeability coefriclent То WeterMiueu С) Mmeastring 
Ге flow rave am “revere фгогоасгозз бе morous 3recit.en. 
MF this werk four Buecimens nk dilPerelt worosity Were se- 
Bet to pressure Ly Compressel air ап! "Мо гезсібам? Гімн 


Bro uh the тела! measures Uy, dealt SE a fas flOw Peier. dhe 
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регуед (324102 were title: córrelateá L' Narob equation, 


: 
ІМ formulate! mr 1аві. аг gas 21097: 








waere u - PT rate ut. flo zer wiit area (de / гц М. sec) 


г] 9 Wece@ere As Фо entmamce зшде Of Gee gcr-es 
кетаі (463) 
In * рреввиге atthe exit Side oF 291 070646 uwtTal 
- лей 
b T - vchiekkebb ОК їе зєєсїє6! (1) 
| Po m Meier ОБА llus rer unit volume 38, Тгесәиге 


Eo (Wy cu ik) 


yw 4 visecosimey o* the Fluid (1h = вес/ве im) 


A 
1 


рез еаніїйою coefticiont (sy im) 


fo Tatas a ouer wi ¿pr Lass forcus Ei species mare 





М 25160 Lu Hipuserl4 ara shob ahte at Loy (low rate, trae nes 


latici. Letwee.. the pressure-syuare „1 Гегецсо аа che flow 


eve 18 евзбевсіаї |! linear. Шые $9 variakbiog u. taich ese 





Bee (ue, Shecitens avallàblg lor study the Pressure Square 
Ini feret ce ав преп exmprebses, jet 16 260206. Figure 15 
cs tie bame cxrerineztal results bro with деггеа 1411) 


росте ав а Елис и, 6£ 1M6051 uy". 
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® ИДЕ 18-17 Ё 


CCACLUE ҮСЭЭ 

AS аггесбс16-06 vie experifterntal: мог; совабесев диф e 
Nis investipatioln' the Yollowiug conclusions паче teer 
formes: 

(Delam mixed fF Cie elemental powm.erS tes be вис- 
cessiully compacted into vuriquetves which зате godt „гее. 
preety th. 

2) “Бе metal scomcoacts. cam зе-вассезз 11, sicteref ТӨ 
а Пей ш. абщозспеге ргот е! Бваб опе helium is avowlutely 
pure alli free from wic and жасег тают 

(3) THe metfioc. of cortballimk Por tty OF “По әсйбістот 
От dAmeR'u. ticarvónate le a Proven б5есліїціїє ат! 16 геаліг, 
аМа25а016 35 forming ^orous Cae. 

(4) The зізбегіге біпе usec was too BL0rt to permit ade- 
чиасе diffusion avd alloying of tne ckromiur. роммег. 

! (5) Des iiprebiatiomw cf goroh весаїь wi?n (Welten за 


І * ” л д а Жо ай 
стопи real lernte петао the Orimimál реттеэ 125% 





(©) Meee extensive exterifestavión is required Lefore 
Собери uie use eL porous Feliu as ae әшкіпеетігж .әгегізі 
albucuph Ue pW cedure of ибое a Leli atitespiere for sin 


За 17 appears lCeagible. 
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(Y) ТВ be ЮГ fortus Etb in ã Smoar vr Мсагзрїсай106 


Motel apelicatior ehoulk perwit tRe use OS increased I alie 


Sa as Tel feratures wichouk 188 1055 9. haver al Strengul. 





oHAZTEL ЮУ 
ВЕС о Атто 
| UR tbe рам ok LAS, results onvtained: uke Tolluwing recus- 
Шынат! о аге submitteds 
(1) We bikeri the ued Should 2e iacreasSeM i prec 
Ж» ітігеззс Өне ӨМІЖісі of the chrofium phaso. 


па grape which 


оз 


(2) Әресімепе shoulü"ce prepared in a size 


MOZA Бегпіг the Хот ше об cersile Specimens LA de 98 the 
b 
staudarc configuratlons so tnat alditiomal mecharlcal strom 





ertie® oT"this porous Metal тас се rénorted. 
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(3) Пвіше өәесірете 01 tite byte reconiewucd i (2) Milat 


kemer stutwes shivculu wwe cerameted in order UH Pix more exacul, 






She Left sintering tesperacure. 
(№) Agaurticmal seecimem suomil be тгерагем іп а ссагӛіле 
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Ира а: Мной поста Тег 16 Lo tentilla 1¡ard evaluacion oí Uwe 
Moab transfer properties of sie mecal wibe üb jecten 27 the 
ОВ ЧЕ а сев аи Terop we formes. Suci experiulento would 


ic aN evaluation от бе petal': Desistalce to thermal 


биосе, “П.С гм 085 602: to карт сос] тар Ту 08120 сеШшрегабагео. 
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2: 610535, 3. С. ап“ Ж.Ж. Sitmons. цеас-гев БЕЛ аа 54141, 
ms e з 1 К. я Lt» y js а ^ Š= . 

Sor Cas-kurtiäfe Рагі5. гьчіачеї |) Та, Alerica! 

Бобісіу boy MEL": "aterlals. 17,5. (Буар 


ой Notorious 20 Сс Сав топа тез) 


Wm. Е. aie ПОВ. жатбсса. hb P^; Betalluoc'" or 
рого e Betaus але. Alloys Еауісм а valtivolleda Portit] 
(T Еа 2343) . 531 York, AwWetical! bestitute Ls me 
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FIGURE 10. X-40 Compacted at 100,000 psi and Sintered 
For Four Hours at 21009F. Etched With Chromic Acid 
and Alkaline Potassium Permanganate (250X) 
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